the lack of matching between the two groups for age and gender (variables known to affect 87 levels of physical activity 1, 23 ) limits the impact of its findings. In addition, there was a lack of 88 information regarding the transgender participants' stage of medical transition (i.e., whether 89 they were on cross-sex hormone treatment). Research has shown that cross-sex hormone 90 treatment, which helps the person's body to align with their gender identity (either by the 91 development of breasts for transgender females or by an increase in muscle mass and 92 lowering of voice for transgender males), increases mental well-being in the transgender 93 population. 11, [24] [25] [26] [27] This information is of significance when exploring physical activity within 94 the transgender population as cisgender people with better mental health have been found to 95 engage in more physical activity compared to people with poorer mental health.
5,28,29

96
Although the studies discussed above have suggested that levels of physical activity are low 97 among transgender people and have identified potential barriers to engaging in physical 98 activity, they are limited by their qualitative nature, which means that findings cannot be 99 generalised and interventions cannot be developed, 21 or by the small number of participants, 100 lack of matching and lack of information about stage of transition. 22 Quantitatively 101 understanding whether there is a physical activity inequality between cisgender and 102 transgender people, as well as understanding factors that are associated with physical activity 103 in the transgender population, is essential in order that specific initiatives to increase physical 104 activity can be developed for this population. 105
Taking into consideration the limitations of previous studies, this study has three main aims. 106
First, to explore the amount of physical activity that treatment seeking transgender people 107 engage in, and to compare this to cisgender people matched for age and gender. Second, in 108 light of the positive psychological benefits that cross-sex hormones can have on mental well-109 being in the transgender population 24 this study also aims to determine whether there is a 110 F o r P e e r R e v i e w Physical activity in transgender people 6 difference in physical activity levels between people who are and are not on cross-sex 111 hormone treatment as well as to determine whether levels of physical activity in people who 112 are on cross-sex hormone treatment are comparable to cisgender people, when age and 113 gender are controlled for. Finally, this study aims to determine factors which predict physical 114 activity participation in transgender individuals. This will be explored for the whole group of 115 transgender participants and also for people who are and are not on cross-sex hormone 116 treatment, separately. Factors which have previously been found to predict physical activity 117 in the cisgender population will be explored as potential statistical predictors, such as 118 younger age and male gender, 1, 23 low anxiety and depression levels, 3,5 high body 119 satisfaction 28, 30 and high self-esteem. 29, 31, 32 Transphobia has been found to be a predisposing 120 factor to high levels of anxiety, depression and low self-esteem 33, 34 and has been identified as 121 a barrier to physical activity in the transgender population. 21, 31 Hence, transphobia will also 122 be explored as a potential statistical predictor of physical activity. 123
First, it was hypothesised that treatment seeking transgender people would engage in less 124 physical activity than cisgender people. Second, it was hypothesised that levels of physical 125 activity would be greater in the group that were on cross-sex hormone treatment (compared to 126 those who were not) and that this would be comparable to cisgender people's physical 127 activity levels. Finally, it was hypothesised that younger age, male gender identity, lower 128 levels of anxiety, lower levels of anxiety, lower levels of depression, high body satisfaction, 129 high self-esteem, and fewer experiences of transphobia would predict greater physical 130 activity engagement. 131
Methods 132
Participants and recruitment. Transgender participants aged 17 or over were recruited from 133 a national transgender health service in the United Kingdom (UK) during a 12 month period 134 21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 had received gender-affirming medical interventions from the service, but some were takingprivate providers or self-prescribed via the internet. 139
The cisgender participants were recruited from the community over four months in 2016 140 using a snowball sampling technique. Cisgender participants were required to not experience 141 incongruence between the sex they were assigned at birth and their gender identity. All 142 cisgender participants were age 18 or over. 143
The study was approved by an NHS research ethics committee and by the Research and 144 There are no other21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60   F  o  r  P  e  e  r  R  e  v  i  e  w Physical activity in transgender people 8 response options. The scale has two subscales: 1) aerobic physical activity (7 items); and 2) 158 strength and flexibility physical activity (2 items). In the current study, only the aerobic 159 physical activity subscale was used. Total scores are calculated by choosing the highest item 160
(1-7) with an affirmative response and scoring this accordingly. For example, if question 3 161 was the highest question that the participant responded 'yes' to, then they would be given a 162 score of 3. High levels of physical activity engagement are indicated by a higher score. 163
Scores under 6 are considered a suboptimal level of physical activity. Reliability analysis was 164 not conducted for the current sample due to the 'yes', 'no' response style but this measure has 165 been shown to have good reliability previously. subscale. The measure has previously been found to have good reliability. 37 In the current 172 study, both the anxiety (α=0.86) and depression (α =0.75) subscales had good reliability. 173
Hamburg Body Drawing Scale (HBDS).
38 This measure was originally developed for use 174 with individuals with different forms of psychoendocrinological disorder 39 and has since been 175 adapted and validated with transgender people. 38 In total, satisfaction with 33 body parts is 176 assessed. To assess individuals' overall satisfaction with their body, just one individual item 177 is used ("Satisfaction with your overall appearance"). In the current study, only the item that 178 assesses overall appearance satisfaction was used. A 5-point Likert scale ranging from 1 179 (very dissatisfied) to 5 (very satisfied) is used and therefore a high score indicates a high level 180 of body satisfaction. Reliability analysis was not conducted for the current sample as only 181 
Data analysis 197
Data were analysed using SPSS 23. The data were not normally distributed and therefore 198 non-parametric tests were conducted, where possible. 44 To address the first aim, each 199 transgender individual was matched by age and experienced gender identity with a cisgender 200 participant and a Mann-Whitney U test was conducted to explore differences in physical 201 activity between these two groups. For the second aim, a Mann-Whitney U test was 202 conducted between people who had and had not taken cross-sex hormones to determine 203 whether there was a difference in physical activity. Each transgender individual who had 204 taken cross-sex hormones was then matched, by age and gender identity, with a cisgender 205 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 gender, anxiety, depression, overall body satisfaction, self-esteem and transphobia) for the 210 whole group and also for those who were and were not on cross-sex hormone treatment, 211 separately. Spearman's Rho correlations were conducted in relation to the participants' 212 gender identity in accordance with recommendations made by Auer et al. 45 As gender identity 213 had more than two categories (e.g., neither male or female), six dummy variables were 214 created to allow this variable to be entered into the Spearman's Rho correlation analysis. 215
Given the large number of Spearman's Rho correlations being run (i.e., 26), a Bonferroni 216 correction was applied to correct for multiple comparisons. An adjusted p-value of . correlated with physical activity were entered into the subsequent analysis to increase its 220
robustness. 221
To determine which variable(s) was the best statistical predictor of physical activity, stepwise 222 multiple linear regression analysis was conducted. The level of significance used was p<0.05. 223
Results 224
During the data collection period, 383 people were accepted for assessment at the transgender 225 health service. Of this sample, 360 participants (94%) provided informed consent to 226 participate in the study. Three hundred and fourteen cisgender participants were recruited 227 from the community and all provided informed consent. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 Table 1 . According to Topolski et al. 36 both the transgender (mean=4.24) and 237 cisgender (mean=5.12) participants engaged in insufficient levels of physical activity. 238
I n s e r t T a b l e 1 h e r e 239
Cisgender participants engaged in significantly more physical activity (mean=5.12, SD=1. 
003). 262
To determine whether the level of physical activity engaged in by transgender people who 263 were on cross-sex hormones was comparable to the cisgender population, these two groups 264
were matched by age and gender identity. People were excluded if they had not provided 265 information about their gender identity (n=3, 2.94%), or if they had a non-binary gender 266 identity (n=8, 7.84%). Therefore, 91 transgender people were matched with 91 cisgender 267 people. In these samples, 52 identified as female and 39 as male. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 To satisfy the third aim, only transgender people were included (n=360) Table 2 . 285
Insert Table 2 here 286
Statistical predictors of physical activity for the whole sample of transgender participants. 287
To examine the significant correlates of physical activity in the whole sample (n=360), one-288 tailed Spearman's Rho correlations were conducted (see Table 3 ). Age, depression, body 289 satisfaction, and self-esteem were all found to be significantly correlated with physical 290 activity. Therefore, the four significantly correlated variables were entered into a stepwise 291 regression to explore the best statistical predictor(s) of physical activity. Overall the model 292 was significant (F(2,300)=12.34, p=.001) and explained 7.6% (R 2 =.076) of the total variance 293 of physical activity. Self-esteem (β=.20, p=.001) and body satisfaction (β=.12, p=.049) were 294 the best statistical predictors of physical activity, both of which had a positive relationship 295 with the outcome variable. 296
Insert Table 3 here 297
Statistical predictors of physical activity in people who were and were not on cross-sex 298 hormones. The socio-demographics of people who were and were not on cross-sex hormone 299 treatment are presented in Table 2 . Mann-Whitney U tests were also conducted to explore 300 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 participants who were not on cross-sex hormones (see Table 4 ). There were no significant 304 differences between the groups in relation to experiences of verbal and physical transphobia. 305
Insert Table 4 here 306
In the group that was not on cross-sex hormones, age, depression and self-esteem were found 307 to be significantly correlated with physical activity (see Table 3 ) and these variables were 308 therefore entered into a stepwise regression. Overall, the model was significant and explained 309 4.8% of the variance in physical activity engagement (see Table 5 ). The only variable to have 310 a significant relationship with physical activity engagement was self-esteem which was 311 positively related (see Table 5 ). 312
Insert Table 5 here 313
In the group that was on cross-sex hormones, body satisfaction and self-esteem were found to 314 be significantly correlated with physical activity (see Table 3 ) and were therefore entered into 315 a stepwise regression. Overall, the model was significant and explained 12.4% of the total 316 variance in physical activity (see Table 5 ). The only variable that significantly predicted 317 physical activity engagement was body satisfaction, which was positively related (see Table  318 5). 319
Discussion 320
This study found that, overall, treatment seeking transgender people engaged in less physical 321 activity compared to cisgender people. Cross-sex hormone treatment was found to have an 322 important role in physical activity as transgender people who were taking cross-sex hormones 323 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 F o r P e e r R e v i e w engaged in significantly more physical activity compared to transgender people who did not; 324 also, the best statistical predictors of physical activity in these two groups differed. While 325 greater body satisfaction (i.e., feeling less dissatisfied with one's body) was found to be the 326 best predictor of physical activity in transgender people who were taking cross-sex hormones, 327 greater self-esteem was found to be the best statistical predictor in participants who were not 328 taking cross-sex hormones. Transgender males (who were taking cross-sex hormones) 329 engaged in less physical activity than cisgender males, however this study did not find a 330 significant difference between transgender females who were on cross-sex hormone treatment 331 and cisgender females. This highlights the importance of increasing the accessibility of cross-332 sex hormone treatment. Currently, people have to wait a significant amount of time before 333 they are seen at transgender health services 46-48 but our findings suggest that this delay could 334 be adversely impacting their physical activity engagement, which could contribute to poorer 335 mental well-being. 336
Both the transgender and cisgender people in the current study reported engaging in 338 insufficient levels of physical activity. 35 However, it was found that, overall, treatment 339 seeking transgender people were significantly less active in comparison to cisgender people 340 who were matched on age and gender identity. This finding supports previous research 22 and, 341
given the known mental and physical health benefits of physical activity, [1] [2] [3] [4] [5] [6] highlights the 342 need to improve support for physical activity engagement of treatment seeking transgender 343 people. Efforts should focus on factors that have been shown to predict physical activity 344 within the transgender population. 345
346
Based on the amount of barriers that transgender people experience when engaging in 347 physical activity and sport 20, 21 it is understandable that greater self-esteem was found to be 348 F o r P e e r R e v i e w the best statistical predictor of physical activity in this current study (for the whole group and 349 for participants who had not taken cross-sex hormones). Although the mechanisms 350 contributing to self-esteem levels are likely to differ in transgender and cisgender people, 351 self-esteem has also been shown to affect physical activity engagement within the cisgender 352 population.
29,31,32 Consequently, self-esteem interventions developed for the general 353 population (e.g., behaviour change interventions that focus on self-esteem) may be useful in 354 increasing physical activity within the transgender population.
49,50 Furthermore, gender-355 affirming medical treatment (e.g., cross-sex hormone treatment and gender-affirming surgery) 356 has been found to increase self-esteem in transgender people 27, 51 and hence also appears to be 357 crucial in indirectly increasing physical activity levels in transgender people who are 358 treatment seeking. 359
360
This study found that once cross-sex hormone treatment had commenced, self-esteem was no 361 longer the best statistical predictor of physical activity. In addition, transgender people who 362 were taking cross-sex hormones engaged in significantly more physical activity than 363 participants who were not. This finding further supports the notion that cross-sex hormone 364 treatment is crucial in indirectly increasing physical activity engagement (in transgender 365 people who are treatment seeking). Participants who were taking cross-sex hormones had 366 greater self-esteem levels, were less anxious and less depressed, and had a higher body 367 satisfaction (i.e., were less dissatisfied with their bodies). These are all psychological factors 368 that have been positively associated with physical activity in the cisgender population 5,28,29 369 and therefore may explain why this group was more active in the current study compared to 370 the group of people who was not taking cross-sex hormones. 371
In transgender people who were taking cross-sex hormones, a higher level of body 372 satisfaction was found to be the best statistical predictor of physical activity. This finding is 373 F o r P e e r R e v i e w consistent with research that has found body satisfaction to increase once cross-sex hormone 374 treatment has started 26,52 as well as research with cisgender people that has found that people 375 who have higher levels of body satisfaction engage in more physical activity. 28, 30 sex hormones did not differ to levels in cisgender females. Cross-sex hormones appear to 378 alleviate the physical activity inequality seen between cisgender and transgender females. 379
Therefore, body satisfaction interventions aimed at cisgender women in an effort to increase 380 their physical activity levels may also be applicable among transgender females on cross-sex 381 hormone treatment, although the feasibility of this would need to be tested. 382
In comparison to transgender males on cross-sex hormone treatment, cisgender males were 383 found to engage in significantly more physical activity. This difference might be explained by 384 the findings from a recent qualitative study where transgender males who were taking cross-385 sex hormones discussed how wearing a chest binder a during physical activity was extremely 386 uncomfortable. 20 In addition, body satisfaction in transgender males has been found to 387 significantly increase following chest reconstructive surgery. 53 In light of the current study's 388 findings and previous research, chest reconstructive surgery should be offered in a timely 389 manner in accordance with the recommended Standards of Care, if this is what the person 390 wishes. 54, 55 This may help to indirectly increase physical activity levels among transgender 391
males (i.e., by increasing their levels of body satisfaction). 392
This is the first large scale study to compare physical activity levels of treatment seeking 393 transgender people with a matched sample of cisgender people, and to quantitatively explore 394 a range of factors which might predict physical activity. There are, however, some limitations. 395
Transphobia was not significantly associated with physical activity, which was surprising 396 a A chest binder is a garment of clothing worn by some transgender men to minimise breast tissue and increase the appearance of a male chest. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 given that 79% of survey respondents felt that transphobia was a barrier to participating in 397 sport. 56 This lack of association in our study may be explained by the fact that some 398 transgender people anticipate, as opposed to experience, transphobia 20, 57 and the measure in 399 the current study only asked about the experience of transphobia. In addition, the percentage 400 of physical activity explained by the regression models was low. This was despite age and 401 depression being significantly correlated with physical activity. Future research should 402 consider exploring why these factors were significantly associated with physical activity, but 403 did not statistically predict the behaviour. In the current study, the physical activity measure 404 used lacked specificity in relation to the type of physical activity engaged in. In this area of 405 research, understanding the type of physical activity engaged in may highlight important 406 nuances in relation to exercise engaged in based on gender identity (i.e., to achieve a 407 masculine or feminine body shape). Future research may also wish to extend the current 408 study by exploring physical activity levels of non-binary people and determining how and 409 why these may differ to transgender people who identify as female or male. 410
The findings of this research lead to several recommendations which could be useful for 411 health professionals who are working with transgender individuals to implement in an effort 412 to support physical activity engagement in this group. These include a need to develop or 413 implement interventions to increase self-esteem and body satisfaction (and, in turn, physical 414 activity). In addition to this, it is recommended that gender confirming medical interventions 415 are offered in a timely manner, especially cross-sex hormone treatment and mastectomy, so 416 as to facilitate transgender individuals' engagement in physical activity. 417
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